The aim of this paper is to investigate the effectiveness of the Full-Sweep AOR Iterative method by using Full-Sweep Caputo's approximation equation to solve spacefractional diffusion equations. The governing space-fractional diffusion equations were discretized by using Full-Sweep Caputo's implicit finite difference scheme to generate a system of linear equations. Then, the Full-Sweep AOR iterative method is applied to solve the generated linear system. To examine the application of FSAOR method two numerical tests are conducted to show that the FSAOR method is superior to the FSSOR and FSGS methods.
Introduction
Many problems in science, industry and engineering can be formulated as mathematical model in a form of fractional partial differential equations (FPDE's) [1, 2] . Some different numerical methods have been proposed for solving fractional partial differential equations (FPDE's): Neamaty [3] solved fractional partial differential equations by using wavelet operational method, method of line tranform of the space-fractional Fokker-Plank equations [4] and modified decomposition method for the analytical solution of space fractional diffusion equation [5] .
Space-fractional diffusion equations are a type of fractional partial differential equations. Therefore many reaserchers solved the problems numerically. For instance Saadatmandi and Dehghan [6] used a tau approach for solution space-fractional diffusion equation, Feng et al [7] developed second-order approximation for space-fractional diffusion equation with variable coefficient and Sousa [8] applied Spline for solving space-fractional diffusion.
To solve the proposed problem, let us describe some basic definitions and mathematical preliminaries of the fractional derivative theories which are required for our subsequent development.
Definition 1.[9]
The Riemann-Liouville fractional integral operator ,  J of order- is defined as
Definition 2.[10]
The Caputo's fractional partial derivative operator,  D of order - is defined as To construct the approximation equation of problem.(1), this work considers implicit finite difference scheme with Full-Sweep Caputo's operator. Both scheme and operator applied over Eq.(3) will derive Full-Sweep Caputo's implicit finite difference approximation equation. Actually this approximation equation has been discussed in constructing a linear system for time-fractional diffusion equations and space-fractional diffusion equations [11, 12, 13] . Since the linear system will be generated via this approximation equation, this paper consider the Full-Sweep Accelerated Over-Relaxation (AOR) method as linear solver.
According to development of standard AOR iterative method, this methods has been introduced by Hadjidimos [14] . This concept of this method is based on the point iteration concept together with two accelerated parameters. Actually this iterative method is one of the efficient point iterative methods. Due to the advantages of the AOR method for solving linear systems, the aim of this paper is to construct and examine the effectiveness of the FSAOR iterative method for solving space-fractional diffusion equations (SFDE's) based on the Caputo's implicit finite difference approximation equation. To examine the effectiveness of the FSAOR method, we also implement the FSSOR and FSGS iterative methods being used control methods. Now let us consider the space-fractional diffusion equation being given as :
Caputo's Impliciti Finite Difference Approximation for SFDE's
In the section, the process of solving the space-fractional diffusion equations is described in Section 3.
Before that let
, k h   where k is positive integer. By applying the operator (2), we get for m=2 that 
for i = 1,2,4,…m-1.
Then the approximation equation (5) can be simplified again as 
By referring to Eq.(7), be expanded to get the following approximation equation 
Full-Sweep AOR Iterative Method
By considering linear system in Eq. (9), it is clear that the characteristics of its coefficient matrix is large scale and sparse. In previous studies, a lot of works have been done to establish various iterative methods such as Young [15] , Hackbusch [16] , Saad [17] . To solve the linear system which is generated by the Caputo's implicit finite difference approximation equation, we consider the FSAOR method which is known as the Standard Accelerated Over-Relaxation (AOR) iterative method [11] . This iterative method is the most known and widely using for solving any linear systems [12, 13] . To derive the formulation of FSAOR method in matrix form, we consider the coefficient matrix A (9) being expressed as summation of the three matrices for FSAOR method U -L -D A = (10) where D, L and U are diagonal, lower triangular and upper triangular matrices respectively. From Eq.(10), the general scheme for FSAOR iterative method can be written as [14, 18] 
where ( ) k V represents an unknown vector at k th iteration. As    , this iterative method (11) will be named as the FSSOR [14, 15] , while 1     we get the FSGS method. Based on Eq.(11), the general algorithm for FSAOR iterative method to solve linear system (9) would be generally described in Algorithm 1. ii. For and several mesh sizes as 128, 256, 512,1024 and 2048. During the implementation of numerical experiments, the convergence test considered the tolerance error 10 10    . The results of numerical simulations which were obtained from applications of the FSGS, FSSOR and FSAOR iterative methods for the following examples 1 and 2 have been recorded in Tables 1 and 2 respectively.
The exact solution of problem (12) is
Examples 2 : [10] ( ) ( )
The exact solution of this problem is ( ) 
Conclusion
This paper investigates the effectiveness the FSAOR iterative method to get numerical solutions of space-fractional diffusion equations. Throught the results obtained for examples 1 and 2, it manifestly shows that the application of FSAOR iteration which uses two accelerated parameters can reduce number of iterations and computational time as shown in Tables 1 and 2 . Again this accuracy of numerical solutions of this method is comparable with the FSSOR and FSGS method. Since the FSAOR method is one of Full-Sweep iteration family, our future work will be extended to investigate the effectiveness of the Half-Sweep iteration family [19, 20] .
